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SJIMPLES. HITH BRUCINE' SULFATE USING THE BRUCINE TECHNIQUE 
INTRODUCTION 
The approved methods "tor n i t r a t e de te rmina t ion of water and 
sewage samples a r e two i n numbero^" The pheno ld i su l fon ic acid t e s t r e ­
qu i r e s a l a r g e sample volume, usua l ly .100 m l . , and r e a c t i o n a t d ryness 
which involves a time-consuming evapora t ion . Reduction followed by 
N e s s l e r i z a t i o n t akes even longer because of t h e s t i p u l a t i o n t h a t a min i* 
mum of four hours exposure iii t h e reducing medium i s necessa ry . Nor­
mally t h e volume i s t h e same as i n the phenold i su l fon ic acid method but 
evaporat ion i s c a r r i e d only i o about 20 ml. r a t h e r t han to d ryness , 
2 i 
Many o ther r e a g e n t s have been suggested, one of t h e most promis­
ing of which i s t he a l k a l o i d , b ruc ine . The s a l t , b ruc ine s u l f a t e , i s 
r e a d i l y a v a i l a b l e and, being of s i m i l a r molecular c o n s t r u c t i o n , would 
be expected t o r e a c t s i m i l a r l y i n the p resence of n i t r a t e s . I t s 
t o x i c i t y i s lower than the pure a l k a l o i d and i s convenient ly handled in 
t h e form of need les wi th seven molecules of hydra ted water.. 
^Standard Methods f o r t h e Examination of Water and Sewage, Ninth 
E d i t i o n (New York: The American Pub l i c Hea l th Assoc ia t i on, 1946'), 286 pp . 
2 l e i l , B. H. , P . E'.; Murray, G. f. Reid, and R. S. I n g o l s , 
Bibl iography on Water and Sewage Ana lys i s , Spec ia l Report Number 28 
(At l an t a , Georgia; S t a t e Engineer ing Experiment S t a t ion ,^Georg ia I n s t i ­
t u t e of Technology, 1948), 215 pp» 
T h i s s t u d y , t h e n , i s an a t t e m p t t o employ a b r u c i n e s u l f a t e 
r e a g e n t f o r t h e d e t e r m i n a t i o n of n i t r a t e s by i n v e s t i g a t i n g i t s r e p r o ­
d u c i b i l i t y w i t h v a r i o u s i o n s n o r m a l l y p r e s e n t i n w a t e r and o r g a n i c 
m a t t e r a l o n g w i t h i t s a p p l i c a b i l i t y t o p o l l u t e d s t r e a m and t r e a t e d * 
sewage s a m p l e s - The r e s u l t s o b t a i n e d w i l l be compared w i t h t h o s e of 
s t a n d a r d p h e n o l d i s u l f o n i c .ac id method* , 
m a m of t h e z i g s s i m m 
The f i r s t a t tempt t o make the bruc ine t e s t q u a n t i t a t i v e was 
made by West-Knights . The reagen t was at b r u c i n e - o x a l i c acid s o l u t i o n 
r e a c t i n g a t dryness wi th the sample. .This gave a permanent red co lo r 
s u i t a b l e fo r comparison wi th s tandards prepared s i m i l a r l y . Lunge and 
Levoff used 0.2 gms. of bruc ine d issolved i n 100 ml. of concen t ra ted 
s u l f u r i c ac id a s t h e i r r eagen t i n f ind ing the n i t r a t e content of s u l ­
f u r i c a c i d . Af te r adding 1 ml . t o t h e sample i t became necessa ry t o 
apply hea t t o e s t a b l i s h the yellow c o l o r des i red fo r comparison, 
5 
Good r e s u l t s were repor ted by. S inkfe r us ing 20 ml . of concentra­
ted s u l f u r i c acid and 1 ml. of a 2$ so lu t ion of bruc ine s u l f a t e i n 
wa te r i n 10 ml . of sample. The de te rmina t ion was made by adding d rop -
wise t o 10 ml . of hot d i s t i l l e d water a s tandard potass ium n i t r a t e 
s o l u t i o n u n t i l a matching of yel low t i n t s was ob t a ined . The bruc ine ' 
s u l f a t e so lu t ion became cloudy, however, ,inv.a r few^ days u n l e s s pure 
b ruc ine a l k a l o i d and 1-2 drops of concent-rated s u l f u r i c a c i d were added. 
W e s t - R i g h t s , J> , »A New, Method f o r t h e | s t ; imat ion of N i t r a t e s 
in Po tab l e Waters ,P A d a l y s t j 6:56-r58, 1 A p r i l , 1881.1 " 
\ u h g e , G. and A. Levoff, ^Detec t ion and Est imat ion of Minute 
Q u a n t i t i e s of Ni t rogen Ac ids ,* Johrnal; jof t h e Soc ie ty lof. Chemical 
I n d u s t r y , 14 :67 , 68 , January 3 1 , 1895. 
5 ' > Winkler, L. %,, "©extermination of N i t r i c and>Nitrous Acid i n 
Natura l Waters,* 1 Journa ls of t h e Soc ie ty of Chemical I n d u s t r y , 20 5 937, 
September 30, 1901. 
4 
6 Kost jamin, N. N . , Q u a n t i t a t i v e -Est imation ot N i t r i c 'Acid, i n 
Water, 1* Journa l of t h e Soc ie ty of Chemica l , Indus t ry , 19:933', October 3 1 , 
1900. , .
 l f 
7 
f i n k i e r , L. W., "Behat iqr of N i t r i c and Ni t rous Acids with 
Brucine and Su l fu r i c Ac id , * 1 A_a_yst ( t ,27:162, 163 , May, 1902. 
8 Gad, G., "Determinat ion .of N i t r a t e i n t h e Presence of N i t r i t e 
i n l a t e r , 1 1 Gas-und Wasserfach, 81 :6 , 1938. 
S n e l l , F. D . , Colorimetrifc Methods: of A n a l y s i s , -Vol-. I (New York: 
D, Van No s t rand CO., I n c . ; 1936) , ; 766 p p . ' V '" 
^Oad^ 0 . , d e t e c t i o n and Determinat ion :op. N i t r a t e s i n Mater in 
the Presence of Carbohydrates and Chlorides., 1? Kleine Mit t e i lunger fur 
d i e M i t g l e i d e r des Vere ins fu r Wasser- , 'Bb 'den-sM- 'Ifoft '&yg^e'he^ 15:82 , 
1939 • 
6 • 
_bst jamin e l imina ted n i t r i t e i n t e r f e r e n c e by b o i l i n g the sample 
7 
wi th small q u a n t i t i e s of s u l f u r i c and phosphoric a c i d s . Winkler showed 
t h a t by varying the p ropo r t i on of s u l f u r i c ac id p resen t i t was p o s s i b l e 
t o t e s t s e p a r a t e l y f o r n i t r a t e s and n i t r i t e s us ing t h e same r e a g e n t s , 
namely, b ruc ine and s u l f u r i c acid., N i t r i t e s formed a deep red c o l o r 
when equal volumes of water and acid were p r e s e n t . Two volumes of t he 
acid to one of water a r e necessary wi th n i t r a t e t o produce a c o l o r ,
 r 
However, the i n t e r f e r e n c e of n i t r i t e rece ived a t t e n t i o n l a t e r a long 
wi th a recommendation for the use of sodium az ide t o e l imina t e e r r o -
8 
neous v a l u e s due t o i t s p r e sence . Another method was to d i l u t e the 
color wi th concent ra ted s u l f u r i c ac id i n t he case of n i t r a t e s and water 
9 
fo r n i t r i t e s . 
I n t e r f e r e n c e from carbohydra tes i n concen t r a t i ons of 1000 ppm 
due t o caramel iz ing when concen t ra ted s u l f u r i c acid was added has a l so 
10 
been i n v e s t i g a t e d . 
5 
1 : LWolf, B . , MDeteriidnatl6hi-of. ^ i . r -a jb . | ;^Ni t r i te , / 'and' Immpnia . 
N i t r o g e n , H I n d u s t r i a l and Engineering 1 ' 'Chemistry, A n a l y t i c a l E d i t i o n , 
16:446., 4 4 7 / J u l y , 1944. ; ' ' " "| 
... No l l , C. A . , ^ p e t e r m i n a t i o n of f i ^ r a t e y i h ^ i l e r "Water by 
Brucine Reagent,** I n d u s t r i a l -aiid engineer ing ' Chemistry, A n a l y t i c a l 
E d i t i o n , 17:426-428, J u l y , 1945. 1 . f 
'w. A. Taylor and' Company, Bal t imore , Maryland. 
Recent ly , Wolf"^ determined n i t r a t e n i t rogen concen t r a t i ons 
w i t h i n 0 .1 ppm in t h e range of 0 .1 t o 2 .0 ppm of n i t r a t e n i t r o g e n wi th 
b ruc ine in s u l f u r i c acid prepared j u s t p r i o r t o u s i n g . These r e s u l t s 
prompted the use of a more s t a b l e r e a g e n t , brucine in chloroform, f o r 
12 
t e s t i n g b o i l e r wa te r . The accuracy repor ted was 0 .5 ppm n i t r a t e 
n i t r o g e n and s e n s i t i v i t y of 0.3 ppm n i t r a t e n i t r o g e n . The method was 
appl ied t o t he p h o t o e l e c t r i c co lo r imete r a t a>wave l e n g t h of 470 
m i l l i m i c r o n s t o g ive a nea r ly s t r a i g h t l i n e p l o t of s c a l e read ing 
ve r sus concen t r a t i on up t o 55 ppm n i t r a t e . None of t h e ions normally 
p r e s e n t i n b o i l e r wa te r s was found t o i n t e r f e r e . High color; concen­
t r a t i o n s were overcome by d i l u t i o n . This method a l s o has found a c c e p t -
13 
ance in c o n t r o l work us ing a s l i d e comparator* 
I n view of t h e s e p rev ious i n v e s t i g a t i o n s , i t was decided t o 
under take t h i s study wi th t h e thought of us ing a s t a b l e reagent fo r 
water and sewage a n a l y s i s which would r educe t h e time and i n c r e a s e t h e , 
convenience over the approved methods. 
RiSAG-ENTS AND • -PROC3ED13RSB = \ 
Reagents . 
1 . Brucine s u l f a t e s o l u t i o n . B i s so lve 2 gms. of r eagen t grade 
bruc ine s u l f a t e ( C 23 H 26°4 K 2^2 * H 2 S ^ 4 * i n 8 0 m 1 ' o f a 1 : 1 
s o l u t i o n of 95% e t h y l a lcoho l and d i s t i l l e d wa te r . This i s a nea r ly 
s a tu r a t ed s o l u t i o n and g e n t l e hea t ing may be appl ied t o a id i n d i s ­
so lv ing t h e bruc ine s u l f a t e c r y s t a l s . The s o l u t i o n should be s tored 
a t room tempera ture to prevent r e c r y s t a l l i z a t i p n . I f t h i s occurs , r e -
d i s s o l v e by gen t ly hea t ing t h e s o l u t i o n . Keep t i g h t l y s toppered i n a 
g l a s s b o t t l e o r f l a s k . Brucine s u l f a t e i s poisonous and should be 
handled wi th c a r e . 
2 , Concentrated s u l f u r i c a c i d . Use C P . ac,id of s p e c i f i c 
g r a v i t y 1.84. 
3* Standard n i t r a t e s tock s o l u t i o n . Dissolve 1.3710 gms. of 
pure sodium n i t r a t e c r y s t a l s i n one l i t e r of d i s t i l l e d water . One ml. 
of t h i s so lu t i on con ta ins one mg. of n i t r a t e i o n . 
4 . Standard n i t rat,e s o l u t i o n s . D i l u t e 1.0. ml , and 100 ml . of 
stock so lu t ion to one l i t e r . These s o l u t i o n s conta in 0.01 and 0 . 1 mg e 
n i t r a t e ion p e r m l . , r e s p e c t i v e l y . 
14 
The Lumetron P h o t o e l e c t r i c Color imeter , Model 450, was employed 
fo r a l l co lo r comparisons. With t h i s instrument 100 ml . low form 
Ness l e r tubes wi th 150 mm. dep th markings con ta in ing t h e unknown s o l u ­
t i o n a re i n s e r t e d i n t o t h e l i g h t p a t h . 
l 4 P h o t ovol t Corpora t ion , New. York, New York. 
7 
Procedure . 
To a 5 ml . s|mpl© i n - a 1 2 5 ml . $rlenmeyer jfiask add 0 .4 ml . of 
b ruc ine su l f a t e s o l u t i o n . Add 10 ml . of concen t ra ted s u l f u r i c acid* < 
To avoid s p a t t e r i n g t h i s should be added down t h e s ide of t h e f l a s k 
slowly whi le r o t a t i n g t h e f l a s k . Swir l t o mix. Allow to s tand f i v e 
minu tes . Add approximately 60" ml. of d i s t i l l e d wa te r . Gool. Pour , 
con t en t s of t h e f l a s k i n t o a Hessler ; ; t u b e . The volume i s approximately 
75 ml . a t t h i s p o i n t . Rinse the f l a s k seve ra l , t imes wi th small p o r ­
t i o n s of d i s t i l l e d wa te r , adding each por t ion t o the Ness l e r t u b e u n t i l 
t h e sample i s d i l u t e d t o 100 ml. I n v e r t t h r e e ' t i m e s t o mix» Becrease 
the volume t o 150 mm. depth mark. I n s e r t i n t o co lo r ime te r and r eco rd 
s c a l e r ead ing u s ing a f i l t e r wi th maxmum t r ansmi t t ancy at a wave l eng th 
of 420 mi l l imicrons , . Read the n i t r a t e " equiva lent t o t h e sca l e read ing 
from t h e s tandard curve• 
A standard curve was prepared by t r e a t i n g known amounts of 
s tandard n i t r a t e so lu t ion i n a s i m i l a r manner. Where t h e volume of 
s tandard so lu t ion i s l e s s than 5 ml . add s u f f i c i e n t d i s t i l l e d water t o 
b r ing i t to t h i s volume. P l o t t h e s c a l e read ing aga ins t c o n c e n t r a t i o n . 
A sample curve i s shown i n F igure 1:. The i n s e r t i n t h e lower r i g h t . 
hand corner i s an enlargement of t h e a r e a between 0-2 ppm which w i l l be 
found he lp fu l i n determining very low c o n c e n t r a t i o n s . 
For b e s t r e s u l t s a s o l u t i o n of known n i t r a t e concen t r a t i on should 
be used to w z e r o * the co lo r ime te r , u s ing t h e va lue fo r t h i s concen­
t r a t i o n a s obta ined from the s tandard curve t o check t h e instrument a f t e r 
each reading. 1 
I f the sample c o n t a i n s c o l o r , a s i n t he case of sewage, f i l t e r 
through a c t i v a t e d charcoal before s t a r t i n g t h e i>r$c-edur.e • 
I n i t i a l d e t e r m i n a t i o n s us ing b r u c i n e s u l f a t e and known coneen^ 
t r a t i o n s of n i t r a t e gave a wide range o f r e s u l t s both as to r e p r o ­
d u c i b i l i t y and accuracy . The procedure as o u t l i n e d above has been 
found t o reduce these e r r o r s t o a p o i n t where they are comparable t o 
the standard p h e n o l d i s u l f o n i c ac id method, 
Brucine s u l f a t e c r y s t a l s d i s s o l v e d more e a s i l y when 1-2 m l . of 
concentrated s u l f u r i c ac id was added t o t h e a l c o h o l - w a t e r m i x t u r e , b u t 
i n a few days t h e s o l u t i o n developed a y e l l o w c o l o r and i t s use was d i s ­
c o n t i n u e d i n f a v o r of the c o l o r l e s s one. 
The r a t i o of two volumes of sul fur ic?. -deid t o one o f water was 
mainta ined t o prevent n i t r i t e i n t e r f e r e n c e . A r e d c o l o r may develop 
f i r s t i n the r e a c t i o n b u t t h i s i s uns tab le and w i l l g i v e way t o the 
d e s i r e d ye l low c o l o r . b y s w i r l i n g t h e s o l u t i o n . A l though Table I shows 
no change r e s u l t s i n c o l o r i n t e n s i t y "between5 f i v e and twenty minutes 
I 
elapsed t ime a f t e r a d d i t i o n of ac id and d i l u t i o n t h e s h o r t e r i n t e r v a l 
was observed i n a i l d e t e r m i n a t i o n s . P r e l i m i n a r y d i l u t i o n t o a p p r o x i ­
mate ly 60 m l . preserves the c o l o r id eveloped w h i l e c o o l i n g occurs . 
Readings should be made w i t h i n t h i r t y minutes a f t e r a d d i t i o n of the : 
a c i d (Table I I ) . 
The choice of a f i l t e r whose maximum t r a n s m i t t a n c y was 420 
m i l l i m i c r o n s was made f rom t h e observa t ions p l o t t e d i n F igure 2 . This 
curve shows a greater; ahsorp t i^h^o f l i g h t a t t h i s wave l e n g t h than at 
t h e other wave l e n g t h s studied.* By the use o f c o l o r developed i n a 
known s o l u t i o n and i t s p o s i t i o n on the standard curve as. the check-
s e t t i n g f o r the p h o t o e l e c t r i c c o l o r i m e t e r , the b ruc ine s u l f a t e reagent 
9 
was found t o b e s t a b l e f o r t w e n t y d a y s ( T a b l e ' I I I ) * I n v e s t i g a t i o n 
beyond t h i s p e r i o d was n o t m a d e . B r u c i n e s u l f a t e from two d i f f e r e n t 
15 
m a n u f a c t u r e r s gave c o n c o r d a n t r e s u l t s . 
The e f f e c t of i n t e r f e r e n c e from i o n s normal ly" p r e s e n t i n s t r e a m s 
and sewage was s t u d i e d f rom an a r t i f i c i a l s a m p l e . T a b l e IV g i v e s t h e 
a n a l y s i s of t h i s sample and t h e r e s u l t s o b t a i n e d f rom n i t r a t e d e t e r ­
m i n a t i o n s by b r u c i n e s u l f a t e and p h e n o l d i s u l f o n i c a c i d t e c h n i q u e s . 
Oxygen consumed v a l u e s , w h i c h , m e a s u r e the amount of o r g a n i c m a t t e r , 
were found f o r two sewage s a m p l e s . T h e s e r e s u l t s a r e shown i n T a b l e Y. 
I n t h e p r e s e n c e of c a r b o h y d r a t e s t o t h e e x t e n t of 1000 ppm, t h e c h a r ­
a c t e r i s t i c y e l l o w c o l o r may t a k e on a n o r a n g e t i n g e when t h e c o n c e n ­
t r a t e d s u l f u r i c a c i d i s a d d e d . I t d o e s n o t i n t e r f e r e w i t h t h e f i n a l 
r e s u l t , however , b e c a u s e upon d i l u t i o n t o 100 m l . t h e o r i g i n a l c o l o r 
i s r e s t o r e d . T a b l e VI shows t h e agreement r e a c h e d i n a 1000 ppm 
g l u c o s e s a m p l e . 
A s t r e a m and " s e v e r a l w e l l w a t e r s a m p l e s from t h e A t l a n t a a r e a 
w e r e a n a l y z e d f o r t h e i r n i t r a t e c o n t e n t . The r e s u l t s a r e t a b u l a t e d i n 
T a b l e V I I . S a c h l e t t e r u n d e r the . column '•Sample D e s i g n a t i o n 1 * r e p r e ­
s e n t s ' a s i n g l e , sample and. t h e v a l u e s t o t h e r i g h t a r e t h o s e o b t a i n e d 
i n s i m u l t a n e o u s d e t e r m i n a t i o n s . 
Whi l e t h i s i n v e s t i g a t i o n was i n p r o g r e s s a B i o l o g i c a l Oxygen 
Demand (B .O.B . ) s t u d y by t h e d i l u t i o n t e c h n i q u e was made a t t h e G e o r g i a 
I n s t i t u t e of Techno logy which p r o v i d e d numerous samples o f n i t r a t e 
^^Bastman Kodak Company, Organ ic Chemica l D i v i s i o n , R o c h e s t e r , 
New York. Merck and Company, I n c o r p o r a t e d , Rahway, New J e r s e yo 
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concent r a t ions lower than those p r e v i o u s l y mentioned and approaching 
t h e c o n c e n t r a t i o n s normally found i n s t ream w a t e r s . 
F i f t y - s i x B .O.D. samples were analyzed for n i t r a t e content bo th 
by bruc ine s u l f a t e and s t a n d a r d p h e n o l d i s u l f o n i c acid methods. Ten 
samples, a l l having l e s s than .35 ppm n i t r a t e according t o brucine 
s u l f a t e r e s u l t s , were run, i n dup l i ca t e w i t h nine being r ep roduc ib l e 
w i t h i n .+ PP m n i t r a t e and t h e t e n t h , £ 0 .2 ppm n i t r a t e o r a r e p r o ­
d u c i b i l i t y of about 20% a t t he se low c o n c e n t r a t i o n s . This r e p r e s e n t s , 
i n t h e former c a s e , +. 0.02 ppm n i t r a t e n i t r o g e n and, in t h e l a t t e r 
i n s t a n c e , +, 0.04 ppm n i t r a t e nitrogen© 
However, comparison of t h e s tandard method r e s u l t s of the f i f t y -
s ix de te rmina t ions showed sharp disagreement with those obtained by 
bruc ine s u l f a t e . Only twenty- th ree were w i t h i n j£ 0 . 1 ppm n i t r a t e ; e i g h t 
w i t h i n + 0.2 ppm n i t r a t e ; s i x wi th injf 0 .3 ppm n i t r a t e ; four w i t h i n 
0 .4 ppm n i t r a t e ; and the remaining f i f t e e n + 0 .5 ppm n i t r a t e o r more;. 
This l ack of agreement was apparent from t h e beginning of t h e B .O.D, 
study and was remedied only by us ing a 420 mi l l imic ron f i l t e r r a t h e r 
than 490 m i l l i m i c r o n s f o r t h e phenold i su l fon ic ac id r e s u l t s . J u s t i ­
f i c a t i o n f o r t h i s s u b s t i t u t i o n has been ob ta ined from an i n v e s t i g a t i o n 
of t h e spec t rophotometr ic c h a r a c t e r of n i t r o s u b s t i t u t e d pheno ld i su l fon ic 
ac id under v a r i o u s c o n c e n t r a t i o n s of c o l o r developed. (This i s an 
important problem but i t i s o u t s i d e t h e scope, of t h i s t h e s i s and w i l l 
t h e r e f o r e be e m i t t e d . ) For the f i n a l twen ty -e igh t n i t r a t e de te rmina­
t i o n s of B .O.D. samples, v a l u e s were, obtained a t both wave / l eng ths . 
Those at 490 mi l l imic rons have a l r eady been d i scus sed . 
1 1 
j t j S e s e . ^ e n ^ ^ e ^ i i i - r e s u i ' t s o b t a i n e d a t 420. m i l l i m i c r o n s were 
compared w i t h s i m u l t a n e o u s , b r u c i n e s u l f a t e d e t e r m i n a t i o n s of n i t r a t e 
c o n t e n t , e i g h t e e n showed a difference o f l e s s t h a n + . 0 . 1 ppm r n i t r a t e ; 
s i x s h o w e d 0 . 1 p|pm n i t r a t e d i f f e r e n c e ; two showed 0 . 2 p p m . n i t r a t e 
d i f f e r e n c e ; one''showed a - 0 . 3 .ppm n i t r a t e v a r i a t i o n f r o m . b r u c i n e 
s u l f a t ei r e s u l t ; C a n d o n e a + 0 . 4 ppm n i t r a t e v a r i a t i o n f r o m b r u c i n e 
s u l f a t e r e s u l t . The a c t u a l n i t r a t e c o n c e n t r a t i o n s i n a l l o f t h e s e 
if :-
ssmpies/j»'as^fess t h a n 0 . 5 ppm. n i t r a t e , so t h a t t h e p e r c e n t a g e e r r o r i s 
ap^r^X'finat^ y in t h e r a n g e of r e p r o d u c i b i l i t y at low c o n c e n t r a t i o n s . 
: f A n i n v e s t i g a t i o n was made, by c o n c e n t r a t i n g e l e v e n of t h e 
s a m p l e s t o tit e s t t h e i n c r e a s e d a c c u r a c y o f a h i g h e r c o n c e n t r a t i o n . One 
h u n d r e d m i l l i l i t e r s of B . 0 , 1 . sample were e v a p o r a t e d t o d r y n e s s and 
t h e r e s i d u e r e d i s s o l v e d i n 10 m l . of d i s t i l l e d w a t e r . T h i s i n c r e a s e d 
t h e n i t r a t e , c o n c e n t r a t i o n t e n [ t i m e s . F i v e m i l l i l i t e r s of t h i s was 
t h e n used t o make a b r u c i n e s u l f a t e d e t e r m i n a t i o n o f i t s n i t r a t e c o n ­
t e n t . Of t h e e l e v e n samples t r e a t e d i n t h i s m a n n e r , t e n were w i t h i n 
- 0 . 0 4 ppm n i t r a t e of t h e p r e v i o u s l y d e t e r m i n e d s t a n d a r d method v a l u e 
i n t h e o r i g i n a l sample ( T a b l e V I I I ) . Eowever , i n g e n e r a l t h e b r u c i n e 
s u l f a t e v a l u e s a r e l o w e r t h a n t h e p h e n b l d i s u l f o n i c a c i d v a l u e s even 
t h o u g h i n good a g r e e m e n t
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c . e ' n t r a t i o n s ' g r e a t e r * t h a n i p ppm« Samples m u s t b e d i l u t e d 1 t o b r i n g the-
c o n c e n t r a t i o n ' i n t o t h e r a n g e of' 0 -10 ppm. The s e c t i o n of t h e s t a n d a r d 
c u r v e [above 10, ppm could n o t b'ei r e p r o d u c e d a n d t h e o n s e t of i t s devia-r 
tionj 
Nol i 
t from a s t r a i g h t l i n e 'bccuijred t h r o u g h o u t t h e r a n g e of 1 2 - 1 6 ppnu 
•as* i" r.| 'Hs|.M| i- "M • 
employ ing b r u c i n e i n c M o r o f o r m , u s e d a f i l t e r of maximum t r a n s ^ -
m i t t a n c e i of m i l l i m i c r o n s t ,o overcome t h i s l i m i t a t i o n , f i t h b r u c i n e 
s u l f a t e r e a g e i n t i l t h e d i f f e r e h e e i j t i n s c a l e r e a d i n g s a t 470 m i l l i m i c r o n s 
I 
was boo smal l | ;o c o n s i d e r i $ s use* . S i n c e s t r e a m s and sewage n o r m a l l y 
[ ; . !||"T ' .. " , ';! 
a r e low i n n i t r a t e s i t i s more l sadvantageous t o h a v e a w i d e s c a l e v a r i a ­
t i o n i n t h i s r a n g e of c o n c e n t r a t i o n r a t h e r t h a n a wide r a n g e of c o n ­
c e n t r a t i o n and 
that; 
n a r r o w . s c a l e % v a r i a t i o n . 
The s t a b i l i t y of t h e c o l o r p r o d u c e d c a n n o t b e g i n t o compare w i t h 
of t h e s t a n d a r d t e c h n i q u e ? S i m i l a r l y , r e a g e n t s u s e d i n t h e p h e n o l -
d i s u l f o n i c a c i d method a r e n o t | ; s u b j e c t t o any a p p r e c i a b l e d e t e r i o r a t i o n s 
w i t h , t i m e , w h i l e w i t h ' b r u c i n e s u l f a t e i t i s n e c e s s a r y t o • z e r o 1 * t h e 
c o l o r i m e t e r w i t h a known s t a n d a r d c o l o r t o g i v e s t a b i l i t y o v e r t h e p e r i o d 
I i ; ', - . 
of | t i m e s t u d i e d arid t o renew t h e b ' r u c i n e s u l f a t e r e a g e n t at r e g u l a r 
i n t e r v a l s . 
Qr&aii'ijc-|iiat^er< •i-nctlu^i^g c a r b o h y d r a t e s w i l l . n o t e f f e c t r e p r o d u c i ­
b i l i t y and accuracy up t o 350 ppm of h e t e r o g e n e o u s o r g a n i c m a t t e r p r e s e n t 
i n Isewage and1" 1000 ppm g l u c o s e . None of t h e i o n s i n v e s t i g a t e d i n t e r f e r e 
13 
i n t h e c o n c e n t r a t i o n s i n which t h e y a r e f o u n d n o r m a l l y i n s t r e a m a n d 
sewage s a m p l e s . 
1
 The h i g h p e r c e n t a g e ' s of e r r o r i n r e p r o d u c i b i l i t y and a c c u r a c y 
e n c o u n t e r e d i n samples low i n n i t r a t e c o n t e n t Were c a u s e d i n p a r t by 
t h e l i m i t a t i o n s of t h e p h o t o e l e c t r i c c o l o r i m e t e r . I n t h e a r e a of t h e 
s c a l e where t h e s e r e a d i n g s , o c c u r t h e i n s t r u m e n t d o e s h o t e x h i b i t i t s 
g r e a t e s t s e n s i t i v i t y . Manu- fac turers* i n s t r u c t i o n s - w h i c h accompany t h e 
c o l o r i m e t e r c o v e r t h e s e l i m i t a t i o n s . 'From t h e sample's a n a l y z e d , i t 
a p p e a r s t h a t t h e b e s t r a n g e of' c o n c e n t r a t i o n f o r t h e b r u c i n e s u l f a t e 
p r o c e d u r e i s a b o u t 0 . 7 - 2 . 0 ppm. : F u r t h e r , w i t h t h e e x c e p t i o n of low 
c o n c e n t r a t i o n s , r e p r o d u c i b i l i t y and a c c u r a c y may be c o n s i d e r e d t o be 
a p p r o x i m a t e l y t h e same a s t h e s t a n d a r d p h e n o l d i s u l f o n i c a c i d m e t h o d . 
The r e q u i r e m e n t of r e a c t i o n a t d r y n e s s f o r p h e n o l d i s u l f o n i c a c i d 
and, t h e r e f o r e , a t i m e consuming e v a p o r a t i o n , h a s b e e n e l i m i n a t e d w i t h 
b r u c i n e s u l f a t e r e a g e n t . Ten d e t e r m i n a t i o n s can be c o m p l e t e d i n l e s s 
t h a n one h o u r w i t h b r u c i n e s u l f a t e . Sample s i z e h a s been r e d u c e d from 
100 ml . t o 5 m l . 
m m m z &m C O N C L U S I O N S 
A c o l o r i m e t r i c p r o c e d u r e f o r t h e d e t e r m i n a t i o n of n i t r a t e s i n 
s t r e a m and t r e a t e d sewage samples h a s been p r e s e n t e d . C o l o r i s p r o ­
duced by a d d i n g a s o l u t i o n of b r u c i n e s u l f a t e i n e t h y l a l c o h o l and w a t e r 
t o t h e sample f o l l o w e d by t h e a d d i t i o n of c o n c e n t r a t e d s u l f u r i c a c i d . 
The r e a g e n t and t h e c o l o r d e v e l o p e d a r e not a s s t a b l e a s i n t h e s t a n d a r d 
p h e n o l d i s u l f o n i c a c i d m e t h o d . I n c o n c e n t r a t i o n s above 10 ppm, d i l u t i o n 
b e f o r e c o l o r d e v e l o p m e n t i s n e c e s s a r y . R e s u l t s a r e comparab le t o t h o s e 
of t h e p h e n o l d i s u l f o n i c a c i d t e c h n i q u e , p a r t i c u l a r l y b e t w e e n a b o u t 
0 . 7 - 2 . 0 ppm n i t r a t e . Lower c o n c e n t r a t i o n s a r e s u b j e c t t o d e v i a t i o n s b e ­
c a u s e of t h e s m a l l amount of c o l o r a l o n g w i t h t h e l i m i t a t i o n s of t h e 
p h o t o e l e c t r i c c o l o r i m e t e r . O r g a n i c m a t t e r i n c l u d i n g c a r b o h y d r a t e s and 
v a r i o u s i o n s do n o t i n t e r f e r e w i t h i n t h e l i m i t s i n v e s t i g a t e d . P r o ­
c e d u r e t i m e and sample s i z e h a v e been d e c r e a s e d o v e r t h e p r e s e n t a p p r o v e d 
t e c h n i q u e s . The p r o c e d u r e w i t h b r u c i n e s u l f a t e i s t h e r e f o r e r e c o m ­
mended f o r c o n s i d e r a t i o n a s a s t a n d a r d method f o r n i t r a t e d e t e r m i n a t i o n * , 
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APPENDIX I 
TABLES 
f A S P I . 
EFFECT 0F TIME AFTER ADDITION OF ACID AND^fiSFORE DILUTION 
N i t r a t e P r e s e n t 
(ppm) 
Time A f t e r A d d i t i o n 
of Ac id (min) 
N i t r a t e Found 
(ppm) 
1 0 . 0 0 2 0 . 0 
1 0 . 0 5 1 0 . 0 
1 0 . 0 ;.. 10 10o0 
i 10c0 20 1 0 . 0 
) - / TA3LII I I 
STABILITY' OF COLOR DEVELOPED 
N i t r a t e \ P r e s e n t Time A f t e r ^Addition N i t r a t e <Found 
(ppm) of Acid (min) (ppm) 
1 0 . 0
 ?- 15 1 0 . 0 
1 0 . 0 30 ' i; 9 , 8 
1 0 . 0 > 45 9.& 
1 0 . 0 ' 60 . 8 . 5 
1 0 . 0 120 . 6 . 5 
TABEi' I I I 
STABILITY PT EPAGENT 
N i t r a t e P r e s e n t Age of Reagent N i t r a t e Found 
(ppm) (Days) (ppm) 
2 . 0 i 
2 
2 . 0 
1 .2 3 1 .2 
0 . 2 7 0 .2 
1 0 . 0 7 1 0 . 0 
6 . 0 14 6 . 0 
2 . 0 20 2 . 1 
1 0 . 0 20 . 1 0 . 0 
1 0 . 0 . 20 9 . 8 
TABLE"IV 
EFFECT OF IONS NORMALLY PRESENT IN s S T E B A M /AND ,SES|AGE SAMPLES 
" Ions and T h e i r C o n c e n t r a t i o n s ' (ppm) 
F e + + = 1 . 
HC'Oj" = 100 
N i t r a t e found by P h e n o l d i s u l f o n i c 
Ac id T e c h n i q u e (ppm| s 
1 0 . 0 ! 
9 . 9 
Ca = 50 
M g + + = 25 
Cl~ = 90 
P 0 4 = . 0 5 
NGj = 10 
N H ^ ^ . 6 
N 0 2 " = . 5 
so/""" = 100 
N i t r a t e found by B r u c i n e 
S u l f a t e T e c h n i q u e (ppm) 
1 0 . 2 
1 0 . 3 
1 0 . 2 
1 0 . 2 
1 9 
' I A B L E V 
COLOR DEWOI'MpT IN TEE pESSSNCS OF; ORGANIC ?MA.TT^ R 
N i t r a t e found by Brucine N i t r a t e fo\ind by Phenoldis ; ul-. Oxygen 
Su l f a t e Technique (ppm) fon ic Acid Technique (ppm)" Consumed(ppm) 
.75 , ^ 
.70 










' ot^rmmkmms' I N T H E . P R E S E N C E O F C A R B O H T B R A T E S 
1 , . 
N i t r a t e P resen t Glucose P re sen t 
(ppm) (ppm) 




l o . b l o o o 
9 . 8 1 
9 . 9 
11 1, ii 
2.0 
T A B X I 2 V I I 
N I T E A T l ' . « B L T E B A I N A T I A I S OF S E E L W A T E R S AND- S T R E A M SMEFLM 
^Sample'" N i t r a t e 'found by B r u c i n e ^ N i t r a t e found jby P h e n o l d i s u l -
D e s i g n a t i b n S u l f a t e T e c h n i q u e (ppm) ; f o n i c Acid T e c h n i q u e (ppm) 
A * 1 4 
- \ 1 4 ' • " I , : - : ' . J 
14 
13 
B 2 0 12 
12 
• • -
1 . 3 
° • 1 . 5 
1 . 7 
1 . 3 
6 . 7 6o4 
D 6 . 5 
6 . 8 
P 7 
IS * 
2 o 8 
2 . 7 
2 . 8 
1 . 5 ' . . , 
1 . 4 
1 . 4 _ 
1 . 1 
& 1 7 2 . 0 
1 .9 
S t r e a m '2.0 1 . 5 
Sample ' 2 . 0 2 , 0 
17' 
f To 90 m l . of a w e l l w a t e r which showed 1 . 3 ppm n i t r a t e by b r u ­
c i n e s u l f a t e t e c h n i q u e were added 5 m l . of d i s t i l l e d w a t e r and 5 m l . 
of a s o l u t i o n which was known t o c o n t a i n .01,mg«, NQg p e r m l . The 
r e s u l t i n g s o l u t i o n would t h e n h a v e a c o n c e n t r a t i o n of 1 . 7 ppm n i t r a t e . 
The v a l u e s g i v e n a r e f o r t h i s s o l u t i o n . 
21 
T A B I D V I I I . . 
COMPARISON OF. NITRATE DETERMINATIGNS OF CONM'TRJiTED B.O.D. »CPLES; 
Origanal N i t r a t e Content As Original. N i t r a t e Content As 
Determined from Concentrated Determined by P h e n o l d i s u l -
Sample by Brucine S u l f a t e fonic Acid-.Technique of 420 Dif ference 
Technique (ppm) Mi l l imic rons (ppm)l 8 (ppm) 
0 .14 0.17 -0 .03 
0108 0.11 -0 .03 
0.07; 0 .11 - 0 . 0 4 
0.10 0 .13 -0 .03 
0.16 0.17 - 0 . 0 1 
0.20 0.19 +0.01 
0.15 0.16 - 0 . 0 1 
0.19 0. 52 -0 .33 
0.10 0.12 -0 .02 
0.10 0.12 -0 .02 
0.03 0.06 -0 .03 
^"^heno ld i su l fon ic acid r e s u l t s a t 490 mi l l im ic rons showed same, 
disagreement as noted in the t e x t . ' 
I 
, APPENDIX I I 
i FIGURES 
) 
I 
I i 
| 
I 
I 
2 3 

